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computer technology in the
rapid diffusion of multivariate
methods? This article defines
multivariate analysis and dis-
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MANY would agree with the statement that the computer has
produced significant advances in the natural and social sci-
ences. However, this general observation overlooks the fact that
these two areas have applied computer technology in different ways.

The current diffusion of computer technology is occurring at a
time when most of the natural sciences possess several well-devel-
oped and invariant laws based on deductive reasoning. Under
these circumstances the computer has provided opportunities for
model building and for programming a complex network of con-
structs which enables large-scale testing of physical laws. The
most outstanding example of these applications has been pro-
vided by the successful exploration of outer space."

However, the social sciences, including marketing, have yet to
develop invariant laws. The result is that most of the research in
this area is empirical. Attempts are made to explore realities in
order to understand the basic nature of the disciplines. Thus,
since much of marketing research is empirical and exploratory,
the computer has been primarily used to analyze, sort, process, and
compact standard commercial data into manageable data banks.

Perhaps computer utilization for model building in the natural
sciences and for data analysis in the social sciences provides the
best indication of the anticipated rapid adoption of multivariate
methods in marketing research. In addition, two facilitating con-
ditions have emerged which ensure large-scale diffusion of multi-
variate methods in the future.

The first condition refers to the fact that after three decades
of systematic data-gathering, marketing research has learned the
art of data collection. For example, procedures exist for drawing
acenrate samples from populations, training interviewers and re-
spondents, receiving cooperation from respondents, designing struc-
tured questionnaires, and coding and tabulating collected data.
In this respect, the marketing discipline may be more advanced
than some of the other social sciences such as political seience.
In fact, the increasing accumulation and storage of market re-
search reflects the validity and usefulness of the information col-
lected. Today it is difficult to find a large-scale enterprise which
has not been affected by the information explosion.

Second, the market place is a complex phenomenon. A multitude
of factors intervene between the marketing activities of companies
and market responses. A simple input-output approach does not
seem to provide satisfactory answers to marketing problems. There-
fore, attempts are constantly made to examine intervening factors
and how they mediate between marketing activities and market
responses. This has resulted in the collection of information which
corresponds to the complexity of the phenomenon.
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The capability of the computer to process these
complex, large-scale data banks has resulted in the
inereased use of multivariate methods in marketing
research. The extent of this “multivariate revolu-
tion” in marketing research is indicated by several
factors. For example, a vast number of canned com-
puter programs for these techniques are already
developed and available.! In addition, several re-
views on the usages of multivariate methods in
marketing have been written2 A third indication
is provided by the increasing number of articles in
such journals as the JOURNAL OF MARKETING, Journal
of Marketing Research, and Journal of Advertising
Research which treat applications of multivariate
methods to marketing problems.

Inevitably, some questions may be raised about
this revolution: How long will it last? Is it not
just another fad which will fade away as soon as
a new one ig introduced? What will be the con-
sequences on future marketing research if multi-
variate methods are here to stay? Which tech-
nigues will be the most relevant and important?
However, before these questions can be answered,
existing multivariate methods should be understood
and classified.

What is Multivariate Analysis?

Although Kendall gives a more technical defini-
tion,® it is possible to characterize multivariate
analysis as all statistical methods which simultane-
ously analyze more than two variables on a sample
of observations. As such these methods are exten-
sions of univariate analysis (all known distribu-
tions including binomial, poisson, and normal dis-
tribution as well as probability system and Bayesian
approaches to the analysis of one variable), and bi-
variate analysis (including cross-classification, cor-
relation, and simple regression used to analyze two
variables).

Figure 1 presents a classification of most of the
multivariate methods. It is based on three judg-
ments the marketing researcher must make about
the nature and utilization of his data: (1) Are
some of the variables dependent upon others, there-
by requiring special treatment? (2) If yes, how
many are to be treated as dependent in a single

1Kenneth M. Warwick, “Computerized Multivariate
Methods,” paper presented at AMA Workshop on
Multivariate Methods in Marketing, Chicago, Janu-
ary 21-23, 1970.

2 Jagdish N, Sheth, “Multivariate Analysis in Mar-
keting,” Journal of Adwertising Research, Vol. 10
(February, 1970), pp. 29-39; Ronald E. Frank and
Paul E. Green, “Numerical Taxonomy in Marketing
Analysis: A Review Article,” Journal of Marketing
Research, Vol. 5 (February, 1968), pp. 83-98; and
Paul E. Green, Frank J. Carmone, and Patrick J.
Robinson, “Nonmetric Scaling Methods: An Exposi-
tion and Overview,” Whkarton Quarterly, Vol. 2
(Winter-Spring, 1968), pp. 159-173.

3 Maurice G. Kendall, 4 Course in Multivariate Analy-
sis (London: Charles Griffin & Company, 1957).

analysis? and (3) What are the presumed properties
of the data? Specifically, are the data qualitative
(nonmetric) in that the marketing reality is scaled
on nominal or ordinal seales, or gquantitative
(metric) and scaled on interval or ratio scales?
The technique to be utilized will depend upon the
answers to these three questions.

Multiple regression, including several of its vari-
ants such as stepwise regression and simultaneous
regression, is the appropriate method of analysis
when the researcher has a single, metric dependent
variable which is presumed to be a function of
other independent variables. The objective of mul-
tiple regression is to predict the variability in the
dependent variable based on its covariance with all
the independent variables. This objective is then
achieved by the statistical rule of least squares.

‘Whenever the researcher is interested in predict-
ing the level of the dependent phenomenon, he would
find multiple regression useful. For example, sales
are predicted from the knowledge of their past re-
lationship (covariance) with marketing efforts;
market shares have been predicted based on con-
sumer preference, retail structure, and point-of-pur-
chase advertising and promotion; and consumer buy-
ing behavior is predicted from the knowledge of
personality and socioeconomic profiles.

If the gingle dependent variable is dichotomous
(e.g., male-female) or multichotomous (e.g., high-
medium-low), and therefore nonmetric, the multi-
variate method of multiple discriminant analysis is
appropriate. The primary objective of diseriminant
analysis is to predict an entity’s likelihood of be-
longing to a particular class or group based on
several predictor variables. For example, discrimi-
nant analysis has been widely used in marketing to
predict whether (1) a person is a good or poor
credit risk based on his socioeconomic and demo-
graphic profile, (2) innovators can be distinguished
from noninnovators according to their psychologi-
cal and socioeconomie profiles, and (3) private label
buyers can be separated from national brand buyers
based on socioeconomic and purchasing differences.*

The primary objective of multiple discriminant
analysis is to correctly classify entities into mutu-

4 Sheth, same reference as footnote 2.
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FIGURE 1. A classification of multivariate methods.

ally exclusive and exhaustive classes or groups. This
objective is achieved by the statistical decision rule
of maximizing the ratio of among-group to within-
group variance-covariances on the profile of dis-
criminating (predictor) variables. In addition to
the prediction of class membership based on the
profile, discriminant analysis reveals which specific
variables in the profile account for the largest pro-
portion of intergroup differences.

Multivariate analysis of variance (multi-ANOVA)
is an extension of bivariate analysis of variance in
which the ratio of among-groups variance to within-
groups variance is calculated on a set of variables
instead of a single variable. As such, multi-ANOVA
is useful whenever the researcher is testing hypothe-
ses concerning mulfivariate differences in group
responses to experimental manipulations. For ex-
ample, he may be interested in using one test mar-
ket and one control market to examine the effect of

an advertising campaign on sales as well as aware-
ness, knowledge, and attitudes.

The objective in canonical enalysis is to simul-
taneously predict a set of dependent variables from
their joint covariance with a set of independent
variables. Both metric and nonmetric data are ac-
ceptable in canonical analysis. The procedure fol-
lowed is to obtain a set of weights for the de-
pendent and independent variables which provides
the maximum simple correlation between the com-
posite dependent variable and the composite inde-
pendent variable.

Canonical analysis appears very useful in market-
ing because the multitude of marketing and environ-
mental factors tend to produce a variety of market
responses. The writer, for example, is currently
investigating the “hierarchy of effects” (awareness-
interest-attitude-conviction-action) as multiple con-
sequences of advertising and promotion.
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Thus far the discussion has focused on multi-
variate methods applied to data which contain both
dependent and independent variables. However, if
the researcher is investigating the interrelations,
and therefore the interdependence, among all the
variables, several other multivariate methods are
appropriate. These include factor analysis, cluster
analysis, and metric multidimensional scaling if the
variables are presumed to be metrie, and nonmetric
multidimensional scaling and latent structure analy-
sis if they are presumed to be nonmetric.

Factor analysis is based on this proposition: If
there is systematic interdependence among a set of
observed (manifest) variables, it must be due to
something more fundamental (latent) which creates
this commonality. One can even consider all the
manifest variables as simply indicators of this
fundamental factor. What is this factor? Can it
be extracted from the observed data and their rela-
tionships? Is it unidimensional or multidimensional ?
For example, can an individual’s income, education,
occupation, and dwelling area be considered as in-
dicators of his social class? How can this factor be
extracted? Conversely, factor analysis is alse used
as a data-reduction method which summarizes the
commonality of all the manifest variables into a
few factors.

The statistical approach utilized in factor analysis
is to maximally summarize all of the variance (in-
formation), including the covariance (interdepend-
ence), in as few factors as possible, while retaining
the flexibility of reproducing the original relation-
ship among the manifest variables.

Factor analysis has been widely used in market-
ing. It has been used to (1) extract latent dimen-
sions of relative liquor preferences such as sweet-
ness, price, and regional popularity; (2) cluster a
series of night-time television programs or maga-
zines based on their relative viewership and reader-
ship; and (8) systematically search for powerful
predictors of a phenomenon under investigation.’

In cluster analysis, the objective is to classify a
population of entities into a small number of mutu-
ally exclusive and exhaustive groups based on the
similarities of profiles among entities. Unlike dis-
criminant analysis, the groups are not predefined.
In fact, two major objectives are to determine how
many groups really exist in the population, and
what is their composition.

Cluster analysis seems useful for market seg-
mentation on personality, socioeconomic and demo-
graphic, psychological, and purchasing character-
istics of the consumers. However, several other
applications have been made in marketing. Examples
include the clustering of test market cities in order
that they may be selected and controlled for experi-
mentation, and grouping a variety of computers
based on their objective performance characteris-

4 Sheth, same reference as footnote 2.

tics.® Most of the clustering methods are judg-
mental, however, and devoid of statistical infer-
ences. In fact, judgment is needed in selecting and
coding attributes, in obtaining indices of resem-
blance or similarity, in choosing among various
clustering algorithms, and in naming and testing
derived clusters.

Both metric and tric multidi 1 scal-
ing methods, unlike all other multivariate methods,
start with a single piece of information. This in-
formation relates to perceived relative similarities
among a set of objects, such as products, from a
sample of respondents. The basic assumption in
both metric and nonmetric multidimensional scaling
methods is that people perceive a set of objects as
being more or less similar to one another on a
number of dimensions (usually uncorrelated with
one another) instead of only one. However, it may
be impossible to directly obtain this multidimen-
sional map from the respondents. One reason for
this difficulty is that the respondent may not be con-
sciously aware that he is judging similarities among
objects based on these dimensions. A second reason
is that he is unwilling to reveal factors (dimen-
sions) that enter into his judgment on similarities.
Given this impossibility of directly obtaining the
dimensions, reliance is placed on statistical methods
of multidimensional scaling to infer the number
and types of dimensions that presumably underlie
the expressed relative similarities among objects.
Therefore, multidimensional scaling methods are
applicable in those areas of marketing research
where motivation research is currently used.

In both metric and nonmetric multidimensional
scaling, the judged similarities among a set of ob-
jects (e.g., products, suppliers) are statistically
transformed into distances by placing those objects
in a multidimensional space of some dimensionality.
For example, if objects A and B are perceived by
the respondent as being most similar compared to
all other possible pairs of objects, these techniques
will position objects A and B in such a way that
the distance between them in multidimensional space
is shorter than that between any two other objects.

Despite the similarities between metric and non-
metric multidimensional scaling, there are two im-
portant differences. First, metric multidimensional
scaling extracts the dimensionality of metric simi-
larity data, whereas the input to nonmetric multi-
dimensional sealing is nonmetric (ordinal) similari-
ties. The metric similarities are often obtained on
a bipolar similarity seale on which pairs of objects
are rated one at a time. The nonmetric similarities
are obtained by asking respondents to rank order
(on the basis of similarity) all possible pairs that
can be obtained from a set of objects. Various
procedures such as dyadic or triadic combinations
or rating scales can be used. Second, metric multi-
dimensional scaling attempts to reduce the observed

¢ Frank and Green, same reference as footnote 2.
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similarities to be represented in a spi* of mini-
mum dimensions, from the trivial repl“"‘""tatl?n in
n-1 dimensions, where n is the number “f obiects.
In nonmetric multidimensional scaling. the objec-
tive is to metricize the nonmetric data ¥ {ransform-

ing nonmetric data into a metric spiet and then
by reducing the dimensionality. This |4 done by a
decision rule of monotone transformalivn in which
the observed rank orderings of pairs ol ohjeets are

reproduced as closely as possible in " arbxtralcy
metric space of some specified dimensons- This
metric space is usually Euclidian, although non-
Euclidian spaces can be created by the !'“"‘Pumr'

Although metric multidimensional ncnling has
not been applied to any large extent {0 marketing,
nonmetric multidimensional scaling has become very
popular in the last three years under the [ioneering
efforts of Paul Green. It has been applicd to the
dimensionality of similarities among #Ylomobiles,
magazines, graduate schools, and severnl other sets
of objects.?

Latent structure analysis shares bolh ol the ob-
jectives of factor analysis: to extract Inlent factors
and express relationship of manifest vuribies With
these factors as their indicators, and 10 clagsify a
population of respondents into pure Lypes Tradi-

tionally, nonmetric data have been (I input t'o
latent structure analysis, although reintly metric
data have also been used. In markellni. the only
applications of this method have heon by Myers

and Nicosia® One of the main reamsnt for this
has been the lack of computer progrunit @ handle
the tedious calculations inherent in thin mecthod.

Is Multivariate Revolution a Fnd?

A number of compelling reasons sugyh that the
rapid use of multivariate methods in tmnrketing 1s
not a fad. Instead, these methods are # important
that they will be used more frequently i1t L.he future,

First, let us examine the anatomy of weveral be-
havioral and operations research methmlis (€8 PU-
pil dilation, Markov chains) that degenvruted into
fads. This was due to three factors. I'irst, some
operations research methods clearly proved to be
ahead of their times. They presumidl (through
model building) considerable knowlwfge about the
response functions to marketing effitls al a tl.me
when no one actually understood how i h: marketing
mix is related to market reactions, ‘f'fise research
methods may prove useful once some litws of mar-
ket behavior have been established. iicond, other
behavioral and operations research pf hods tock a
normative posture of how markets sy or should

"Green, Carmone, and Robinson, sarm yuference as
footnote 2. o
8John G. Myers and Francesco M. Niwsia, “New
Empirical Directions ‘in Market Segnmu‘ﬂﬂo“: 1:43-
tent Structure Models,” in Cheangintl Marketing
Systems: Comsnmer, Corporate and ¢ Jyreriment In-
terfaces, Reed Moyer (ed.) (Chicswn American
Marketing Association, 1967),

IE——

behave at a time when the empirical inductive ap-
proach of descriptive research was considered more
appropriate. Third, some methods, particularly in
the behavioral area, proved to be genuine fads be-
cause they created the illusion that market com-
plexity can be easily described by simple “buzz
word” models.

None of these factors seems to be present in
multivariate methods. Multivariate methods are
largely empirical, deal with the market reality by
working backward from reality to conceptualization,
and easily handle the complexity presumed to be
inherent in marketing research.

Second, multivariate methods as “innovative
methods” seem to be consistent with modern mar-
keting concepts of focusing on marketing research
needs. And the most pressing need of marketing
research is the ability to analyze complex data.
This is clearly indicated by the following statement:
“For the purposes of marketing research or any
other applied field, most of our tools are, or should
be, multivariate. One is pushed to a conclusion that
unless a marketing problem is treated as a multi-
variate problem, it is treated superficially.”®

As discussed earlier, this need for complex analy-
sis is manifested today since data collection is a
well-developed and standardized art, and computer
capabilities are easily accessible.

Finally, a number of multivariate methods are
simply extensions of univariate and bivariate analy-
sis of data. Also, there exist a great variety of
multivariate methods. Both of these factors con-
tribute toward inhibiting their degeneration to
fadism, because fads generally involve highly spe-
cialized research tools. However, some specific mul-
tivariate techniques may become fads due to over-
selling. In addition, we should expect the usual
problems of coordinating the man-machine interface
which are inevitable in the use of multivariate
methods.

However, none of these factors is likely to deter
the progress of the multivariate revolution pri-
marily because all the facilitating conditions are
present today.

Role of the Computer in Multivariate Revolution

Perhaps the most important factor in the rapid
diffusion of multivariate methods in marketing re-
search is the availability of computer programs.
In fact, we can assert that the lack of computer
programs has been a major factor in the imbalance
between the extensive data banks in existence to-
day and their weak statistical analysis in most mar-
keting research activities. It would seem that a
union between multivariate methods and the com-
puter will provide excellent opportunities for more
scientific approaches to marketing problems.

9 Ronald Gatty, “Multivariate Analysis for Marketing
Research: An Evaluation,” Applied Statistics, Vol.
15 (November, 1966), p. 158.
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What are the effects of this union on the de-
velopment of marketing information systems? At
present, marketing information systems in most
companies basically consist of large data banks.
However, a truly useful marketing information
system requires an integrated approach between
data banks and their retrieval and analysis in ac-
cordance with the needs of marketing management.
Since most management decisions are complex, a
truly multivariate analysis is needed that can be
undertaken only if computer facilities are readily
available. For example, a recurring decision in
marketing management will involve budget alloca-
tion among several marketing forces, including ad-
vertising, direct mail, promotion, and personal sell-
ing. Ramond and Sheth have developed a marketing
information system for budget allocation in which
time-series audit data on market responses and
marketing activities are analyzed by multivariate
regression.!® In essence, changes in shares of mar-
ket responses such as sales are regressed on changes
in shares of several marketing forces including ad-
vertiging, direct mail, and promotion. Their relative
weights and signs are then used by the marketing
manager to choose one of the following alternatives
given that his objective is to increase the profit-
ability of marketing forces: (1) Maintain the pres-
ent budget allocation policy. (2) Increase the total
budget by a certain amount to reach the optimum
level of profitability. (3) Reallocate the budget
among marketing forces proportionate to their rela-
tive weights. (4) Reduce the total budget by a
certain amount to bring expenditures to the op-
timum level. (5) Phase out the product. This type
of marketing information system could not be
achieved without a complete interface between the
computer and some multivariate method.

A second area benefiting from this interface is
testing and estimating parameters of complex and
comprehensive theories of the market place. Two
specific examples may illuminate this point. First,
in the area of advertising effectiveness, a number
of researchers!! have conceptualized a “hierarchy
of effects” of advertising and promotion. This
hierarchy usually begins with awareness and ends
with purchase behavior; in between, several other
effects such as interest, knowledge, preference, lik-
ing, and conviction are sequentially arranged. It is
also presumed that advertising will have, in gen-
eral, less impact as we move from awareness to
action. It would seem that despite numerous empiri-
cal studies, no study has as yet attempted to validate

10 Charles Ramond and Jagdish Sheth, “Controlling
Marketing Performance: Two Case Examples,”
paper presented to the Workshop on Marketing
Information Systems, Association of National Ad-
vertisers, August 20, 1970.

11 Robert C. Lavidge and Gary A. Steiner, “A Model
for Predictive Measurement of Advertising Effec-
tiveness,” JOURNAL OF MARKETING, Vol. 25 (October,
1961), pp. 59-62.

the hierarchy by using an appropriate multivariate
method.’> Since the theory presumes a number of
effects, canonical analysis appears most appropriate
to test the theory and estimate parameters of rela-
tive relationships between the hierarchy of effects
and a set of advertising variables such as media
and copy. Unless such a complex multivariate
analysis is done, it is not possible to either support
or reject the theory of multiple advertising effec-
tiveness. Much of the inconclusive support currently
found in the research literature is perhaps due to
this lack of multivariate analysis. Such multivariate
analysis, however, was impossible without the ap-
propriate computer capabilities.

Another example comes from an outstanding ef-
fort by Farley and Ring to fully test the Howard-
Sheth theory of buyer behavior through the use
of simultaneous linear equations and the computer.t3
Howard and Sheth have developed a comprehensive
and complex theory of buyer behavior in which a
large number of psychological constructs, such as
attention, overt search, attitude, motives, and satis-
faction, intervene between the marketing stimuli
and the buyer’s responses. In addition, a number
of exogenous factors, such as social class, culture,
and reference groups, also determine a buyer’s re-
sponses via their influence on the psychological con-
struets. Finally, several of the constructs are dy-
namieally interdependent on one another because of
the theory’s information processing framework.
Farley and Ring operationally defined these inter-
dependencies in terms of a set of eleven simul-
taneous equations; then, using the panel data col-
lected as part of the Columbia Buyer Behavior
Project on a sample of more than 900 respondents,
they tested the theory. Although they were only
moderately successful in validating the theory, their
effort represents one of the best examples of how
the union between the computer and multivariate
methods facilitates the testing of complex theories.

There are several areas of marketing research
in which only univariate data have been collected,
although the phenomenon is recognized to be com-
plex. In these areas, the combination of multi-
variate methods and the computer may be most
beneficial in furthering systematic and scientific
analysis to possibly generate some invariant laws.
An example is the research on durable appliances,
particutarly related to purchasing plans of house-
holds. Despite the recognition that purchasing
plans are determined by a composite of several im-
portant factors, most attempts at measuring them

12 Kristian S. Palda, “The Hypothesis of a Hierarchy
of Effects: A Partial Evaluation,” Journal of Mar-
keting Research, Vol. 8 (February, 1966), pp. 13-24.

18 John V. Farley and L. Winston Ring, “Deriving an
Empirically Testable Version of the Howard-Sheth
Theory of Buyer Behavior,” paper presented at the
Third Annual Buyer Behavior Conference, Columbia
University, May, 1969.




The Multivatiate Revolution in Marketing Research

19

have remained univariate. A single scale is used
on which the degree of certainty of buying inten-
tions within a specified time period is obtained
from the respondents. It is very probable that this
univariate scale is used as a surrogate for more
complex factors and has not represented the con-
struct well enough to either prediet or explain
subsequent purchasing behavior. With the use of
multivariate methods such as factor analysis, it is
conceivable that buying intentions may indeed prove
to be a multidimensional concept.

Conclusion

A number of facilitating factors suggest that
multivariate methods may rapidly diffuse in mar-
keting research, and may become a way of life in
the statistical analysis of marketing data. These
include (1) the empirical, inductive tendency in con-
ducting marketing research due to lack of discovery

of marketing laws; (2) collection of large-scale data
on marketing problems; (3) confidence in data
banks in terms of their reliability and validity; and
(4) availability of computers and canned computer
programs. The last factor is certainly the most
important one in enhancing the diffusion of multi-
variate methods.

The role of the computer in furthering the ma-
turity of the marketing discipline is thus immense.
By diffusing multivariate methods, it is likely to
enable marketing researchers to attempt large-scale
marketing information systems in which an inte-
grated marketing approach can be undertaken. It
will enable researchers to test and estimate parame-
ters of complex generalized theories and models.
With the use of multivariate methods, the computer
is likely to generate a sudden increase in in-depth
seientific empirieal research on well-known issues in
marketing.




